In view of the technique "A New Histogram Modification Based Reversible Data Hiding Algorithm Considering the Human Visual System" by Jung et al., some modifications have been made on the parts of the causal window and the pixel overflow/underflow in present study. In Jung et al.'s method, the number of reference pixel was obtained based on a causal window so that the prediction value, the just noticeable difference (JND) and others can be determined. However, the causal window used in Jung et al.'s method may reduce the prediction accuracy. In this paper, the modifications on two parts are proposed to turn around this situation. First, the causal window is narrowed to decrease the number of reference pixels so that the prediction accuracy can be enhanced. Second, in dealing with possible pixel underflow or overflow, only the pixels that will definitely underflow or overflow, are modified. Using such modifications both the payload and the image quality can be improved. It is shown by experiments that our modifications not only increase payload but also maintain image quality effectively.
Introduction
Data hiding is a technique to transmit secret information privately by embedding data in carriers that could be audios, videos or images. The most suitable carrier is image since it is often seen and used on network transmission.
There are two types of data hiding methods. In one type the information can be obtained from the stego image at the receiver, but no way to restore it to its original state. This is known as non-reversible [1, 2] . In the other type the stego image obtained at the receiver can be restored to its original state, which is called as reversible. In recent years many studies on reversible data hiding have been reported while the application of the reversible technique into the encrypted image is also published [3] .
Embedding data using difference expansion can be achieved by grouping two adjacent pixels in one, as shown by Tian [4] . But a significant distortion on image by difference expansion leads to an unsatisfactory image quality. Ni et al. [5] proposed to embed data by shifting pixels between histogram peak and zero. In this way a good image quality can be obtained but the payload is limited by the peak height of image histogram. Thodi and Rodriguez [6] integrate two techniques (histogram-shifting and difference expansion) where embedding data is achieved by using expansion of prediction error and has better performance than prior works.
Tai et al. [7] suggest a reversible technique based on histogram-shifting where the data hiding is carried out by using the histogram of the absolute values of pixel difference. The maximum payload is determined by the embedding level.
In consideration of human visual system (HVS), Jung et al. [8] suggest a reversible technique where a framework is made of the Tai et al. technique. In this technique a casual window is given. The width of the casual window is controlled by parameter B . The prediction value and the just noticeable difference (JND) are calculated based on the given casual window. The embedding level of each pixel is thus adjusted by JND.
However, in the technique by Jung et al., too many reference pixels are used to calculate the prediction value, resulted in a decreased in prediction accuracy. Therefore, regarding the prediction method by Jung et al, some modifications are proposed in present study to raise the prediction accuracy. Besides, an improved technique is also suggested for the possible underflow or overflow pixels to reduce any unnecessary corrections, so that the size of the location map can be reduced, and the image quality can be maintained.
Related work
Tai et al.'s method [7] is used for the basic framework for Jung et al.'s [8] technique. Assuming that , r c a T is defined as the maximum pixel difference value in reference pixels. Step 1. To avoid overflow or underflow after embedding the pixels at both ends of the histogram of Ic have to be shifted toward inner. Ic is modified based on Eq. (6), resulted in I as the modified value for Ic . , , In order to obtain information from Ie and also to restore Ic into original state, the lengths of LM ′ and S′ , the maximum embedding level as well as the size of causal window B have to be known at the receiver. The detailed procedure for extracting data and restoring the cover image can be seen in [8] .
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Experimental result
As mentioned before, in present study some modifications are made on two aspects to improve the technique by Jung [11] are used for experiment, as shown in Fig. 3 . The image quality is measured by peak-to-noise ratio (PSNR) while the embedded data is produced by a pseudo random number generator (PRNG). At first comparison is made on the maximum payload and the image quality between the modified technique and that by Jung et al. as shown in Table 1 where 3 B = and 200 e T = , and the embedding level L varies from 0 to 4. It is seen from Table 1 that for the same embedding levels the payload of the proposed method is larger than that by Jung et al.'s method. This means that the proposed method offers a higher payload. Table 1 . Comparing the maximum payload between the proposed method and Jung et al.'s method A comparison is also made on the lengths of location maps between our technique and that by Jung et al. in Table 2 . It is shown that the proposed method may reduce the size of the location maps effectively indeed. In particular, the larger the embedding level is, the more obvious the effectiveness will be. For example, it can be seen in Table 2 that the gain in payload is 1310 bits when the embedding lavel is 4. 
